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NESTED ATTACHMENT JUNCTION FOR HEAT EXCHANGER 

5 

FIELD OF INVENTION 

This invention relates generally to the field of heat exchangers and, more 
particularly, to heat exchangers that are specifically configured having one or 
more internal passages disposed within a surrounding body, and comprising a 
1 0 specifically configured attachment member for attaching the internal passages 
within the body. 

BACKGROUND OF THE INVENTION 

The present invention relates to heat exchangers that are generally 
15 configured comprising a number of internal fluid or gas passages disposed within 

a surrounding body. In an example embodiment, the internal passages are 

designed to accommodate passage of a particular fluid or gas in need of cooling, 

and the body is configured to accommodate passage of a particular cooling fluid 

or gas used to reduce the temperature of the fluid or gas in the internal passage by 
20 heat transfer through the structure of the internal passages. A specific example of 

such a heat exchanger is one referred to as a shell and tube exchanger, which can 

be used in such applications as exhaust gas cooling. 

Referring to FIG. 1, a shell and tube heat exchanger 10 includes a tube 

bundle 12 formed from a plurality of individual tubes 14, i.e., internal passages, 
25 that are aligned together, positioned next to one another, and that have one or both 

openings at the tube ends 16 positioned adjacent one another. The tube bundle 12 

is disposed within a surrounding shell 18. 
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The shell is configured having a inlet 20 and outlet 22 to facilitate the 
5 passage of a fluid or gas into and out of the shell. Referring now to FIG. 2, in a 
single-pass shell and tube heat exchanger, the tube bundle 12 is configured so that 
the tube ends 16 pass through respective ends 24 of the shell. In a dual or multi- 
pass shell and tube heat exchanger, the tube bundle is configured having one or 
more 180 degree bends at one of the tube ends to facilitate passage through the 

10 shell more than one time. 

Referring back to FIG. 1, a tank or manifold 26 is attached to each end of 
the shell 1 8 and serves to direct the flow of fluid or gas into and out of the tube 
bundle. Referring to FIG. 2 again, a header or tube plate 28 is attached to the tube 
bundle adjacent one or more of the tube bundle ends 16 and forms a connection or 

15 attachment point between the tube bundle and a respective end of the shell. As 
best shown in FIG. 3, the header plate 28 connects the individual tubes 14 in the 
bundle together, connects the tube bundle to the shell 18, and provides a seal 
between the shell and the tube bundle so that fluid within the shell does not 
escape. The tank or manifold is typically attached by weld to the header plate to 

20 enable fluid tight transfer of fluid or gas from the tube bundle. 

In a shell and tube heat exchanger configured for use in exhaust gas 
cooling, exhaust gas is passed through the tube bundle for cooling by use of a 
cooling medium such as water that is passed through the shell. Conventional shell 
and tube heat exchangers used in such applications are known to be susceptible to 

25 leakage due to the nature and geometry of the attachment made between the 

header plate and the shell. Such leakage is not desired as it can both reduce the 
operating efficiency of the heat exchanger and ultimately reduce the service life of 
the heat exchanger. 

It is, therefore, desired that a heat exchanger be constructed in a manner 

30 that minimizes or eliminates the possibility of unwanted leakage between the tube 
bundle header plate and the shell. It is desired that such a heat exchanger be 
constructed in a manner that does not otherwise compromise the operation of the 
heat exchanger or adversely impact the manner in which the members forming the 
heat exchanger are attached together. It is desired that such heat exchangers be 
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configured in a manner that does not adversely impact spatial concerns regarding 
mounting the same for use, thereby permitting easy retrofit use to replace 
conventional heat exchangers. It is further desired that such heat exchangers be 
constructed using materials and methods that are readily available to facilitate cost 
5 effective manufacturing and assembly of the same. 

SUMMARY OF THE INVENTION 

Heat exchangers, constructed in accordance with principles of this 
invention, comprise a shell having an inner chamber defined by an inside wall 

10 surface, and having at least one opening adjacent an end of the shell. A tube 

bundle comprising a plurality of assembled together tubes is disposed within the 
inner chamber. A header plate is attached to the tubes and is positioned adjacent 
an end of the tube bundle to connect the tube bundle to the shell. 

The header plate includes an outside diameter that is configured to fit 

15 within the shell inside wall surface to provide a nested attachment junction 

therebetween. In an example embodiment, the shell inside wall surface includes a 
recessed section that extends axially a distance from an end of the shell, and the 
header plate outside diameter includes an axially projecting section that fits within 
the recessed section to form the nested attachment junction. The header plate may 

20 further comprise a lip that projects radially outwardly from the axially projecting 
section, and that is positioned adjacent the shell end. The header plate and shell 
are fixedly connected to one another by use of a braze joint formed by the 
placement of brazing material between the header plate axially projecting section 
and the shell recessed section. 

25 A tank is attached to the shell adjacent the shell end, and the header plate 

lip is interposed between the shell and an end of the tank. In a preferred 
embodiment, at least one of the end of the tank and the end of the shell includes a 
chamfer along an outside surface. A welding material deposited between the tank 
and shell ends forms a permanent attachment therebetween. 

30 Heat exchangers of this invention, comprising the nested attachment 

junction, provide a connection between the header plate and shell that is both 
structurally secure and that operates to minimize or eliminate the possibility of 
leakage from the heat exchanger, thereby operating to maximize heat exchanger 
efficiency and service life. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will be more clearly understood with reference to the 
following drawings wherein: 
5 FIG. 1 is a perspective view of a prior art shell and tube heat exchanger; 

FIG. 2 is a perspective view of the prior art heat exchanger of FIG. 1 , 
illustrating placement of a tube bundle within a shell; 

FIG. 3 is a perspective view of the prior art heat exchanger of FIGS. 1 and 
2, illustrating the tube bundle as attached to the shell; 
10 FIG. 4 is a cross-sectional view of a heat exchanger of this invention 

illustrating the shell, tube bundle, a header plate, and a tank in an unassembled 
state; 

FIG. 5 is a cross-sectional view of the heat exchanger of FIG. 4 in an 
assembled state with the header plate brazed to the shell; and 
15 FIG. 6 is a cross-sectional view of the heat exchanger of FIG. 5 in an 

assembled state with the tank welded to the shell. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention relates to heat exchangers used for reducing the 

20 temperature of an entering gas or fluid stream. The particular application for the 
heat exchangers of the present invention is with vehicles and, more particularly, to 
cool an exhaust gas stream from an internal combustion engine. However, it will 
be readily understood by those skilled in the relevant technical field that the heat 
exchanger configurations of the present invention described herein can be used in 

25 a variety of different applications. Generally, the invention constructed in 
accordance with the principles of this invention, comprises a heat exchanger 
including header plate and shell sections that are specially designed to cooperate 
with one another to form a nested attachment junction providing a braze joint of 
sufficient length therebetween to resist and protect against unwanted leakage. 

30 Referring to FIG. 3, conventional shell and tube heat exchangers comprise 

a header plate 28 having a flat or planar butt joint interface with the shell end 24. 
This interface of surfaces is attached to one another by welding and, more 
specifically, by a butt weld. This construction is susceptible to leakage through 
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braze voids that develop in these joints, particularly if tanks (shown in FIG. 1) are 
welded to the shell in the vicinity of these joints. 

FIG. 4 illustrates a sectional view of a heat exchanger 30 of this invention 
taken at a junction between the shell 32, header plate 34, and tank 36. The heat 
5 exchanger 30 comprises a tube bundle, formed from a plurality of tubes 38 

arranged together in the manner described above, that is disposed within the shell 
32. The header plate 34 is positioned adjacent an end of the tube bundle, connects 
the tubes together, and as better described below provides a structure for 
connecting the tube bundle to the shell. 

10 The shell 32 is configured having a recessed section 40 that extends 

circumferentially around an inside diameter of a shell inner wall surface 33 a 
determined radial depth. In an example embodiment, the recessed section may 
have a radial depth of from 2 to 5 mm. It is desired that the recessed section not 
extend too deep or too shallow because this recess creates a surface 46 that serves 

15 as an axial locator for the header plate when it is placed into the shell. If this 
radial depth is too small, it may not provide a sufficient land to stop the header 
plate from being pushed too far into the shell during assembly. If this radial depth 
is too large, the shell wall will be thinned excessively, which may leave it with 
insufficient strength in service. 

20 The recessed section 40 extends axially along the inner wall surface a 

desired distance from a shell end 42. In an example embodiment, the recessed 
section may have an axial length of from 5 to 8 mm. It is desired that the recessed 
section not extend too little or too much because this section comprises the bulk of 
the braze joint between the shell and the header plate. If this axial length is too 

25 small, the braze joint may have insufficient strength. If this axial length is too 
large, it will unnecessarily restrict the effective tube bundle length for the given 
outer dimensions of the heat exchanger. 

The header plate 34 is configured having an outside diameter that extends 
circumferentially therearound and that is configured to complement the surface 

30 features of the shell inside wall surface, e.g., the shell recessed section. In an 

example embodiment, the header plate 34 outside diameter comprises an axially 
projecting section 44 that is sized and shaped to fit against the shell recessed 
section 40 when the tube bundle is positioned within the shell. In such example 
embodiment, the axially projecting section 44 is sized having a diameter, as 
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measured along an outside surface, that enables the axially projecting section 44 
to fit within the recessed section without undue interference. The axially 
projecting section 44 is also sized having an axial length corresponding to that of 
the shell recessed section 40. 
5 The shell recessed section 40 comprises a ridge 46 that extends radially 

inwardly therefrom, and that defines a transition between the recessed section and 
the remaining portion of the shell inner wall surface 33. The header plate 34 
preferably includes a shoulder 48 that defines a transition between the radially 
directed body 50 of the header plate and the axially projecting section 44. The 

10 header plate shoulder and the shell recessed section ridge are sized and configured 
to provide a cooperative nesting fitment with one another when the tube bundle is 
placed within the shell. 

In an example embodiment, the header plate 34 is also configured 
comprising a radially projecting lip 52 that extends outwardly from the axially 

1 5 projecting section 44, and that defines a peripheral portion of the header plate. 

The lip 52 is sized and shaped to fit against the shell end 42 when the tube bundle 
is disposed within the shell. 

FIG. 5 illustrates the heat exchanger attachment junction 54, discussed 
above and illustrated in FIG. 4, after the tube bundle 56 has been positioned 

20 within the shell 32 and fixedly connected into place. In an example embodiment, 
once the tube bundle is positioned into the shell, such that the header plate axially 
projecting section 44 engages and cooperates with the shell recessed section 40, 
the header plate and shell are fixedly connected together by conventional means, 
such as by brazing 58 or the like. As illustrated, in a preferred embodiment, it is 

25 desired that the braze joint extend along as much of the interfacing shell and 

header plate surfaces as possible. In a most preferred embodiment, it is desired 
that the braze joint extend along a substantial entirety of the interfacing shell and 
header plate surfaces, including the surfaces between the header plate lip and the 
shell end, and the shell ridge and header plate shoulder. 

30 If desired, the header plate can also be configured having a self-fixturing 

or registering means disposed along its outside diameter for locating the header 
plate in a particular position with respect to the shell during assembly and brazing. 

FIG. 6 illustrates the heat exchanger attachment junction 43 after a tank 60 
has been attached to the shell 32. The tank is ideally configured having an end 62 

6 



H0004919 

that is configured and sized to complement and fit over the shell end 42 and a 
portion of the header plate that is positioned thereover. In a preferred 
embodiment, the tank end 62 is configured having an axially projecting ridge 64 
positioned circumferentially around an inside wall surface 66 that extends a 
5 desired length. In an example, the axially projecting ridge 64 may have a length 
of from 2 to 5 mm. It is desired that the ridge not project too much or too little 
because this ridge serves to locate the tank radially, relative to the header plate 
and the shell. If the axial length of this ridge is too small, it may not positively 
locate the tank in the radial direction. If the axial length of this ridge is too large, 
10 it may contact and damage the main body of the header plate 34 or the tube ends 
16. 

The tank is fixedly connected to the shell, once the nested attachment 
junction is fixed by brazing, by conventional method such as welding and the like. 
In a preferred embodiment, the tank is welded 68 to the shell and both the tank 

15 and the shell each include outer edges that are chamfered to facilitate the welded 
attachment. The weld extends between the shell and tube, along an outer edge of 
the adjacent members, and between the shell and header plate, along an inner edge 
of the adjacent member. 

A key feature of heat exchangers of this invention is the formation of a 

20 nested attachment junction between the header plate and the shell. Upon brazing, 
the nested attachment junction operates to provide a braze joint between the 
header plate and tube having improved leak fastness when compared to the butt 
attachment junction of conventional heat exchangers. The header plate and shell 
are intentionally configured in the manner described above to provide a nested 

25 attachment junction of desired length, contributing to the leak fastness of the 
resulting braze joint, even after the tank is welded into place. 

Although the invention as described and illustrated above has been 
presented in the context of a shell and tube-type heat exchanger, it is to be 
understood that nesting attachment junctions of this invention can be used with 

30 other types of heat exchangers that make use of similar or related connecting 

members, and that such embodiments are intended to be within the scope of this 
invention. Additionally, while a particular embodiment of the heat exchanger 
nesting attachment junction of this invention has been described an illustrated, it is 
to be understood that modifications and variations of this configuration may be 
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apparent to those skilled in the art, and that such modifications and variations 
intended to be within the scope of this invention. 
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